This work covers the coupling reactions of monodentate ligands coordinated to the "Re I (CO) 3 " moiety to afford in situ new bidentate diimine ligands. Similar reactions leading to tridentate ligands are also included. The reactions reviewed present evident advantages respect to the usual synthetic methods of these ligands. Besides, choosing the appropriate substituents allows an easy tuning of the properties of the final complexes. Following an approximate chronological order, the formation of bidentate ligands by C-N coupling from a coordinated carbonyl group, from diiminoisoindoline, and the formation of amidino ligands from nitriles are reviewed first. This is followed by the formation of bidentate ligands by C-C coupling, and finally by the formation of tridentate ligands, either by C-C coupling, by B-N coupling, or by using "click" reactions.
Their photophysical properties may be adjusted by making changes at the diimine ligand, at the "sixth" ligand "X", or varying the solvent [23, [28] [29] [30] . A wide diversity of diimine ligands, usually derived from bipy (2,2'-bipyridyl) or phen (1,10-phenantroline), may be found in the literature. However, the synthetic methods to obtain them are often difficult and/or tiresome, depending on the substituents required to reach the desired properties. Thus, one of the remaining challenges of the field would be finding alternatives for obtaining new N,N-chelating ligands by straightforward and accessible paths. The coupling of two monodentate ligands to afford a chelating diimine ligand is one of the immediate solutions for this problem. This process should be favored by the coordination of the monodentate ligands to a Lewis acidic metal center, which would enhance the electrophilic character of the donors designed to be coupled. In fact, important achievements have been recently reported on transition metal-mediated oxidative cross-coupling of heteroarenes to obtain heterobiaryls [31, 32] .
When the metallic fragment is a "Re I (CO) 3 " moiety, the photophysical or biomedical properties of the final complex may be tuned by choosing the monodentate ligands with the appropriate substituents. A main advantage of this tricarbonyl fragment is its rigid facial geometry, which is a consequence of the nonlability of the carbonyl units in the presence of ligands without significant back-bonding [33] .
This review covers the different coupling processes leading to diimine (or tridentate ligands containing a diimine unit) so far reported in the literature.
N,N-chelating ligands obtained by C-N coupling

Diimines from a O-coordinated carbonyl group
The first report of a C-N coupling reaction mediated by the "Re I (CO) 3 " fragment was described by the group of Alberto in 2003 [34] . The reaction of aliphatic or aromatic amines with coordinated 2-acetyl-pyridine or 2-pyridylcarboxaldehyde (pyca) afforded the corresponding Schiff bases (Scheme 1). The process is favored by the coordination of the carbonyl group. The reactions are much faster than the similar reactions when the aldehyde or ketone are free, and occur exclusively in protic solvents or in water. Aprotic coordinating solvents such as MeCN are not suitable for the reaction, since deprotonation of coordinated 2-acetyl-pyridine yields a coordinated enolate, precluding the formation of the imine. Similar deprotonation at the pyca ligand gives a semiacetal complex which does also react with amines. A kinetic study shows that the reaction is several orders of magnitude faster than the similar reactions between the amine and free aldehyde or free ketone. Therefore, this method presents considerable advantages over traditional procedures where the iminopyridine ligand must be firstly synthesized, and then coordinated to the metal. The authors foresaw a wide applicability for this reaction, since the amine may be functionalized with biomolecules, what would allow direct labeling without deactivation of the metal complex. This work may be considered as seminal, as it was later applied and extended by further research carried out by the groups of Herrick and Miguel. Pr, Ph) [34] ; (X = Cl, Br; R = H; R' = sulfanylamide or 4-aminofluorescein) [37] ; (X = Cl, Br; R = H; R' = NH 2 ) [39] .
As predicted, the use of biomolecules in this reaction was immediate, and Herrick's group described only one year later the one-pot reaction of [Re(CO) 5 Cl] with different ester protected amino acids in the presence of pyca, what yielded conjugated diimine ligands with pendant ester groups (Scheme 2) [35] . Their electronic spectra were the expected for complexes of the fac-[ReX(CO) 3 
Met-OMe) [35] ; amino acids or peptides (X = Br; Xxx = (CH 2 ) 2 , (CH 2 ) 3 , m-C 6 H 4 , GlyGly, GlyVal, GlyGlyGly; R = H) [42, 43] .
, pyca, and glycine or alanine [36] .
In bimetallic complexes the MLCT interaction may be altered by intramolecular electron transfer, which is affected by the type, size, aromaticity, and conjugation of the bridging ligand. The coupling between the "Re Cl, Br; R = H, SO 3 Na) [38] .
Scheme 5. Reaction of [Re(CO) 5 Cl] with aniline and glyoxal to yield a monometallic complex with coordinated diazabutadiene [38] .
As indicated above, Miguel's group also expanded the work initiated by Alberto. In its first paper on this topic, the use of anilines functionalized with ethynyl groups in meta or para positions afforded the corresponding ethynyl functionalized iminopyridines (Scheme 6, above) [40] . These 8 complexes react with dicobalt octacarbonyl to afford the expected tetrahedrane species (Scheme 6, left). The reactivity of the ethynyl functionalized iminopyridine complexes towards organic azides to give the copper azide-alkyne (or "click") cycloaddition (CuAAC) was reported in a subsequent paper [41] . The Schiff condensation followed by CuAAC demonstrated to be completely compatible, since they were carried out either sequentially, either in a one-pot process using the three components (pyca complex, ethynylphenylamine, and azide). The result of the "click" reaction depends on the electronic features of the azide employed, since alkyl or benzyl azides lead to the expected triazole derivatives (Scheme 6, below center), whereas sulfonylazide affords the Nacylsulfonamide (Scheme 6, right). Miguel's group also described the formation of iminopyridines containing amino acids (-alanine, -aminobutyric acid, or 3-aminobenzoic acid) [42] or peptides (dipeptides Gly-Gly and
Gly-L-Val, and the tripeptide Gly-Gly-Gly) [43] (Scheme 2). The crystal structures determinations revealed either the well-known centrosymmetric dimeric arrangement of H-bonding patterns in which the peptide chains show antiparallel arrangements with complementary disposition of the CO and NH bonds, either H-bonds with polar molecules of solvent.
N,N-chelating ligands from diiminoisoindoline
The group of Herrick and Ziegler has recently extended its contribution to this field by describing the "Re DII may also be used to coordinate half-hemiporphyrazine macrocycles. They were obtained when [Re(CO) 5 Cl] reacted with heterocycles with an amino group in  position (Scheme 8) [44] .
As in the previous work, the "Re were appropriate species to be used as starting materials for supporting or discarding an intramolecular mechanism for the formation of the pyrazolylamidino ligand. The study, carried out on cationic complexes where the coordinated nitrile is more activated and thus more electrophilic than in neutral complexes, supports that the coupling reaction occurs by a reversible intramolecular mechanism (Scheme 10) [46] . A systematic study on the reaction revealed that the coupling process is base-catalyzed, and more favored at moderate temperatures, and with the increasing acidity of the pyrazole.
Amidino ligands from nitriles
Scheme 10. Reversible intramolecular mechanism for the formation of pyrazolylamidino ligands (pz*H = pzH, dmpzH, indzH) [46] .
These results opened a broad range of synthetic possibilities to obtain new pyrazolylamidino complexes, and thus new neutral and cationic "Re I (CO) 3 " derivatives from different pyrazoles and nitriles were next obtained. Photophysical, electrochemical and computational studies were carried out in order to determine the influence of both the substituents at the pyrazolylamidino and the "sixth" ligand [47] . As expected, all complexes exhibit phosphorescent decays from a prevalently 3 MLCT excited state, with long lifetimes. TD-DFT calculations were consistent with the experimental values.
Coordinated nitriles also can react with other amines, so this work was extended to nucleobases, what constitutes a new method to attach biomolecules to the "Re I (CO) 3 " moiety.
Neutral or cationic complexes containing amidino chelating ligands were obtained from the 13 coupling reaction of 1-methylcytosine and nitriles (Scheme 11). The reactions were carried out thermally or were microwave assisted, and afforded again luminescent complexes [48] . 
Diimines by C-C coupling
In situ C-C coupling leading to diimines coordinated to the "Re 
Formation of tridentate ligands
The diimine and the "sixth" ligands coordinated to the "Re 
By C-C coupling
The reaction of the "Re I (CO) 3 " cationic complex containing a monodentate imidazole and a pyridylimidazole chelate ligand (Scheme 12, above) [49] with KN(SiMe 3 ) 2 afforded a neutral species, which was too unstable to be isolated. However, its spectroscopic data supported the formation of a new tridentate ligand by deprotonation of the central CH group of the imidazole, and further attack of the deprotonated N-coordinated imidazol-2-yl to the ortho CH group of the pyridyl ring (Scheme 14, above) [56] . The reaction occurs with dearomatization of the pyridyl group, now formally an anionic ligand, and it is selective, since the imidazole fragment of the pyridylimidazole chelate ligand remains unchanged. This neutral species is then protonated on the nitrogen donor atom of the former pyridyl group, affording a new tridentate neutral ligand coordinated to a cationic complex (Scheme 14, below). Considering that the pyridylimidazole chelate ligand of the starting compound came from a monodentate coordinated pyridine (Scheme 12, first reaction), then both ortho CH groups of the pyridine ligand have been finally activated. product which is the result of PMe 3 deprotonation by free amide, followed by intramolecular addition of the P-CH 2 moiety to phen (Scheme 15, below) [58] . Two intermediates could be detected by low-temperature NMR, in both PMe 3 is intact and one of the pyridine ring is dearomatized. These intermediates are the first steps of the amide attack to phen, and differ in the relative orientation of the N(SiMe 3 ) 2 group. 
By B-N coupling
Poly(azolyl)borates generated in situ by B-N coupling were described by the group of 
"Click" chemistry and beyond
The group of Miguel also reported the "click" reaction of a pendant azide in a iminopyridine bonded to the "Re 
Conclusions and Perspectives
In situ coupling of monodentate ligands is an alternative method to obtain new N,Nchelating (and also tridentate) ligands coordinated to the "Re 
